




















Dark Antimatter as a Galactic Heater: X-rays from the Core of our Galaxy
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Several independent observations of the Galactic core suggest hitherto unexplained sources of
energy. We show that dark matter in the form of dense antimatter droplets provides a natural
site for electron and proton annihilation, providing 511 keV photons, gamma-rays, and energy that
sustains thermal X-ray radiation. Such a picture not only identifies the dark matter in our universe,
but allows X-ray observations to directly probe the matter distribution in our Galaxy.
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Introduction: Two of the outstanding cosmo-
logical mysteries—the natures of dark matter and
baryogenesis—may be explained by the idea that
dark matter consists of Compact Composite Objects
(CCOs) [1, 2, 3], similar to Witten’s strangelets [4].
These form at the same QCD phase transition where
conventional baryons form (neutrons and protons). This
provides a natural explanation for the similar scales
ΩDM ≈ 5ΩB, and for baryogenesis through a charge
separation mechanism driven by the natural CP viola-
tion of the so-called θ term in QCD (see [2] for details).
Excess antimatter is locked away in antimatter nuggets
requiring no fundamental baryon asymmetry to explain
the observed matter/antimatter asymmetry: Buniv =
BDM+BVisible−B¯DM = 0 where BDM (B¯DM ) is the total
(anti)baryon charge contained in the dark (anti)matter
nuggets. From this and the observed relation ΩDM ≈
5ΩB we have the ratios B¯DM :BDM :BVisible =3:2:1.
Unlike conventional dark matter candidates, dark an-
timatter nuggets will be strongly interacting, but macro-
scopically large objects. They do not contradict any of
the many known observational constraints on dark mat-
ter or antimatter [3, 5] for three reasons: 1) They carry a
huge (anti)baryon charge |B| ≈ 1020 – 1033, so they have
a tiny number density. 2) They have nuclear densities,
so their interaction cross-section is small σ/M ≈ 10−13
– 10−9 cm2/g. (Typical cosmological limits constrain
σ/M < 1 cm2/g.) 3) They have a large binding energy
(gap ∆ ≈ 100 MeV) such that baryons in the nuggets
are not available to participate in big bang nucleosynthe-
sis (BBN) at T ≈ 1 MeV. On large scales, the nuggets
are sufficiently dilute that they behave as standard col-
lisionless cold dark matter (CCDM). However, when
the number densities of both dark and visible matter
become sufficiently high, dark-antimatter–visible-matter
collisions may release significant radiation and energy.
In this paper, we explain how the interaction between
visible matter and dark antimatter nuggets in our galaxy
may naturally resolve several outstanding observational
puzzles. These annihilations in the galactic core may be
the primary source of the detected 511 keV radiation, and
the primary source of heat sustaining the diffuse 8 keV
thermal emissions. We consider three independent ob-
servations of diffuse radiations from the galactic core:
1. SPI/INTEGRAL observes 511 keV photons from
positronium decay that is difficult to explain with
conventional astrophysical positron sources [6, 7,
8]. Dark antimatter nuggets would provide an un-
limited source of positrons as suggested in [9, 10].
2. Chandra observes a diffuse 8 keV thermal X-ray
emission that greatly exceeds the energy from iden-
tified sources [11]. Visible-matter/dark-antimatter
annihilation would provide this energy.
3. EGRET/CGRO detects MeV to GeV gamma-rays,
constraining antimatter annihilation rates.
The main goal of this paper is to demonstrate that
these observations suggest a common origin for both the
511 keV radiation and the 8 keV thermal emission. As-
suming dark antimatter to be the common source, we ex-
tract some phenomenological parameters describing their
properties. We show that dark antimatter is consistent
with all of these data, and that it may fully explain the
missing sources of emission without requiring the inven-
tion of new non-baryonic fields for dark matter. Finally,
we argue that there should be a spatial correlation be-
tween the various emissions and the distributions of dark
and visible matter. This should allow our proposal to be
verified or ruled out by future observations.
Our purpose here is not to discuss details of a partic-
ular model, but to show generally that macroscopic an-
timatter nuggets could easily explain the missing energy
and missing positrons in the core of our Galaxy. To this
end, we postulate a few basic properties to be discussed
in detail elsewhere [5]:
A.1. The antimatter nuggets provide a virtually unlim-
ited source of positrons (e+) such that impinging
electrons (e−) will readily annihilate at their sur-
face through the formation of positronium [9, 10].
2About a quarter of the positronium annihilations release
back-to-back 511 keV photons. If this reaction occurs
on the surface, on average one of these photons will be
absorbed by the nugget while the other will be released.
A.2. The nuggets provide a significant source of anti-
baryonic matter such that impinging protons will
annihilate. We assume that the proton annihilation
rate is directly related to that of electrons through
a suppression factor f < 1 to be discussed below.
Proton annihilation events will release about 2mp ≈
2 GeV of energy per event. If this occurs inside the
nuggets, then the energy will be thermalized rather than
directly radiated. The nuggets will act as heaters for the
surrounding plasma, which will subsequently radiate the
energy as thermal X-rays. To connect these emissions
with observations, we make an additional assumption:
A.3. We assume that these emitted 511 keV photons
dominate the observed 511 keV flux and that these
proton annihilations provide the dominant source
of energy fueling the 8 keV plasma.
This allows us to use the 511 keV observations to estimate
the electron annihilation rate and the Chandra flux to
estimate the proton annihilation rate.
Proposal: The primary feature of our proposal is
that the antimatter nuggets provide a single annihilation
target for both electrons and protons. As a result, both
the 511 keV emission from electron annihilation and the
thermal X-ray emission from proton annihilation should
originate from the same regions of space, with the local
rates of annihilation proportional to the product of the
number densities of visible and dark matter nV (~r)nD(~r).
By comparing several different observational sources,
one may remove the dependence on the dark and vis-
ible matter distributions because all observations inte-
grate the radiation along the same line of sight from the
earth to the core of the galaxy. We make the approxi-
mation that the relevant line-of-sight average is the same
for the three sets of data we consider. As a result, di-
rect comparisons between the data provide non-trivial
insights about the properties of dark antimatter, inde-
pendent of the matter distributions.
Chandra: X-ray emissions from the galactic core pro-
vides a puzzling picture: they seem to indicate that an
8 keV thermal plasma is being maintained, but the source
of energy fueling this plasma is a mystery. After subtract-
ing known X-ray sources from the Chandra X-ray images
of the galactic core, one finds a residual diffuse thermal
X-ray emission with a thermal component well described
by a hot 8 keV plasma with surface brightness ΦT = (1.8
– 3.1)× 10−6 erg/cm2/s/sr [11]. To sustain this plasma,
some 1040 erg/s of energy must be supplied to the galac-
tic core which is much more than the observed rate of
supernovae, for example, can explain [11].
Protons annihilating with dark antimatter would re-
lease some 2mp ≈ 2 GeV of energy per event. Assuming
(A.3.) this to be the dominant source of energy sustain-
ing the hot plasma, one may relate the X-ray luminosity
to the number of annihilations events observed along the
line of sight. Proton/dark-antimatter annihilations in the
galactic core must thus provide an energy input of




along our line of sight as observed in [11]. We shall see
that our proposal can easily accommodate this flux.
SPI/INTEGRAL: An observed flux of 511 keV pho-
tons from the core of the galaxy is another puzzle. It
is clear that this comes from low-energy e−e+ → 2γ an-
nihilation events (positronium decay), but the source of
positrons is a mystery (the interstellar medium contains
many electrons). After accounting for known positron
sources, only a small fraction of the emission may be
explained [6, 7, 8]. SPI has measured the flux of
511 keV photons from the galactic bulge to be 9.9+4.7
−2.1 ×
10−4 ph/cm2/s with a half maximum at 9◦ [6, 12, 13, 14].
As discussed in [9, 10], dark antimatter nuggets provide
a natural source of positrons that will readily annihilate
with electrons in the ISM. The resulting spectrum will
be dominated by the formation and subsequent decay of
positronium, one quarter of which will decay from the
1S0 state giving rise to two back-to-back 511 keV pho-
tons. Under assumption A.1., on average, one of these
photons will be radiated. These 1S0 annihilations ac-
count for approximately one quarter of the annihilations
events: the rest occur through the 3S1 state and give rise
to a continuum below 511 keV that has also been mea-
sured [15], confirming the source as positronium decay.
Assuming (A.3.) that this e−e+ annihilation is the
dominant source of the measured 511 keV photons, the
flux from the core of the galaxy provides an estimate
of the rate of annihilation events. Unfortunately, the
angular resolution of INTEGRAL is not very precise. To
estimate the core flux requires some assumption about
the spatial distribution of the positrons. We simply use
estimates in [16, 17] to obtain an order of magnitude for
same region observed by Chandra (1). Multiplying by a
factor of 4 to account for the continuum emission, the





EGRET: Some fraction of the proton annihilation
events will produce high energy photons that may di-
rectly escape. These photons, with energies up to 1 GeV,
should be detected by EGRET aboard the CGRO satel-
lite, which has measured the intensity of photons from
30 MeV to 4 GeV from a central core region of 60◦ lon-
gitude and 10◦ latitude [18, 19]. Much of this emission
is due to cosmic rays interacting with visible matter. We
3therefore define the parameter aEGRET < 1 to be the frac-
tion of the total EGRET intensity due to direct photon
production from proton/dark-antimatter annihilations.
We may thus use the EGRET data to provide two con-
straints on proton/dark antimatter annihilations. Per-
forming the energy integrals from 100 MeV to 1 GeV (the
typical range of photon energy from p¯p annihilations) on
the data from [19], we obtain the following integrated
count φp+p−→γ and energy ΦE surface brightnesses ex-









Comparisons: We now can compare (1), (2), and
(3) to extract some properties of the visible matter/dark-
antimatter annihilation rates. Proton-antiproton annihi-
lation should proceed at a rate φp+p− = fφe−e+ propor-
tional to, but different from, that for electron-positron
annihilation. The suppression factor f is due to several
effects: 1) Protons move slower than electrons, reducing
the number of collisions per cross-sectional area. 2) Anti-
matter nuggets may have surface fields that repel protons
and attract electrons [20, 21]. 3) The core of antimatter
nuggets may be superconducting [1, 20]: The resulting
spectral gap ∆ ∼ 100 MeV would cause low-energy pro-
tons to Andreev reflect. 4) Overall charge balance may
be restored by charge exchange reactions with scattered
protons rather than proton annihilation. Once the sup-
pression factor f is known, one can estimate the rate at
which energy is deposited into the core of the galaxy.
Our picture is that this energy—released primarily as
gluons—is rapidly thermalized inside of the dark anti-
matter nuggets and subsequently thermalized with the
surrounding plasma. In contrast with the e−e+ annihi-
lations where the photons can escape, the gluons remain
inside the nugget. The nuggets transfer this thermal en-
ergy through collisions and scattering processes to the
surrounding plasma, which ultimately radiates this en-
ergy away as X-rays.
We note that, for this model to work, the nuggets
must have a very low emissivity, otherwise they would
thermally radiate most of their energy through black-
body radiation as suggested by [22]. This would rapidly
cool the nuggets, rendering them ineffective heaters of
the surrounding plasma. A highly suppressed emis-
sivity is expected, however, because in most forms of
dense quark matter, the photon acquires a (mass) gap
h¯ωp ≈ ∆ ∼ 100 MeV that leads to an exponential sup-
pression exp(−h¯ωp/T ) ∼ 10
−1000. Although surface ef-
fects may alter this suppression, our point is that such
a suppression is an expected and required feature of our
proposal. Further details will be discussed in [5].
The X-rays radiated by the plasma and detected by
Chandra allow us to directly compare the e−e+ annihi-
lation rate (2) with the 8 keV thermal emission ΦT =
(2 GeV) f φe−e+ . From this we may estimate the sup-




≈ 6× 10−3 (4)
This suppression factor f ≈ 1/160 could easily be ac-
counted for by strong interface effects at the surface of
dark antimatter nuggets as mentioned above, but is not
entirely free. It would be difficult, for example, to ex-
plain a value of f > 1 greater than unity due to the
suppression factors discussed above. Thus, (4) provides
a non-trivial test of our proposal. In principle, f is also
calculable from detailed models, providing a direct test
of any quantitative model for dark antimatter.
We now consider the EGRET constraints. If proton
annihilations occur inside of the antimatter nuggets, then
most of the decay products will be strongly interacting
and will simply thermalize as discussed above. Occa-
sionally, however, the annihilation will directly produce
a high-energy photon with energies in the range 100 MeV
– 1 GeV that can easily escape the nugget. These pro-
cesses must be compared with similar decays involving
gluons rather than photons. Direct photon production is
thus suppressed by a factor of α/αS ∼ 1/40 – 1/100 due
to the relative weakness of the electromagnetic interac-
tion compared to the strong interaction. Thus, we may
convert the rate of proton annihilations to a rate of direct
photon emission along our line of sight, and compare the
integrated EGRET data to the proton-antiproton annihi-
lation rates aEGRET φp+p−→γ = (α/αS)ΦT /(2 GeV) =







Finally, we may compare the amount of energy released
as high energy photons with the integrated EGRET en-
ergy flux aEGRETΦE = (α/αS)ΦT to obtain an indepen-






≈ 3× 10−1. (6)
This is consistent with (5) to within the errors of our
approximations, and demonstrates the importance of the
GeV energy scale provided naturally by QCD in our pro-
posal. Together, these suggest that visible-matter/dark-
antimatter annihilations could account for a small frac-
tion (∼ 10%) of the measured EGRET intensity. Much of
the EGRET intensity has been accounted for, and future
improvements in this accounting could provide a tight
constraint on our proposal. It is non-trivial that the mea-
sured aEGRET < 1 be less than one: If the observations
showed aEGRET to be greater than unity, then one would
have had a strong case against our proposal.
We have made several assumptions in our estimates
that must be cleaned up in order to make quantitative
4predictions. We have assumed that the line-of-sight in-
tegral over the matter distribution is the same for each
observation, and that the phenomenological suppression
factor f , as well as the fraction aEGRET , are independent
of the local environment and hence factor from this inte-
gral. In reality these factors will depend on the energies
of the events, the nature of the environment (ionized vs.
neutral), the local velocities of the visible and dark mat-
ter, and a host of similar factors. We may lump these
factor together for any given line-of-sight, but it will be
important to quantify how these factors vary as differ-
ent line-of-sight averages are performed in order to make
quantitative comparisons along different lines of sight.
We have also purposefully neglected any particular
models of the matter distribution in our galaxy. By com-
paring several observations, the results presented in this
work do not depend on details such as the typical baryon
charge B of the nuggets, nor do they depend on the ex-
act matter distributions. Postulating a distribution leads
to a direct connection between the observed fluxes and
properties of the dark antimatter nuggets such as the
interaction cross-section σ/M ≈ 10−13 – 10−9 cm2/g.
This is consistent with all known observations and in-
teraction constraints, but a more careful analysis could
significantly narrow the window of parameters. We shall
discuss these and other details about the nature of dark
antimatter elsewhere [5].
Predictions: We have shown that the observed ex-
cess 511 keV photons and thermal X-ray radiation from
the core of our our galaxy may be directly explained by
the hypothesis that much of the dark matter in the core
of our galaxy is in the form of dark antimatter nuggets.
In this case, both observations have the same physical
origin and are naturally correlated. The observations
suggest very reasonable values for f—the suppression of
the proton to electron annihilation rates—and aEGRET—
the fraction of EGRET photons arising from dark matter
annihilations. These parameters satisfy the non-trivial
constraints f < 1 and aEGRET < 1, either of which could
have ruled out our proposal.
Our proposal also makes the definite prediction that
the 511 keV flux and the thermal X-ray flux should be
correlated. For example, Chandra has detected a diffuse
X-ray emission with flux 6.5× 10−11 erg/cm2/deg2 from
a region of the disk 28◦ off the center [23]. This is one or-
der of magnitude smaller than (1), and so the integrated
positronium annihilation flux should be similarly reduced
from (2): φe−e+ = 10
−2 event/cm
2
/s/sr. We predict that
the local 511 keV flux should be one quarter of this rate.
These fluxes should also be correlated with the prod-
uct of the distributions of dark and visible matter
nD(~r)nV (~r). The angular resolution of INTEGRAL is
not spectacular, but sufficient that the different source
distributions can be compared. For example, as discussed
in [24], the measured angular distribution is consistent
spatial distribution models of nV (~r)nD(~r). Unlike the
mechanism suggested in [24], however, our proposal can
also easily account for the observed luminosity.
Checking the angular 511 keV distribution with the
matter distribution inferred from theChandra X-ray data
should provide a non-trivial confirmation or refutation of
this model. One also has the possibility of looking for cor-
relations elsewhere from clusters or in places where dark
matter halo clumps pass through the disk. The problem
here becomes one of sensitivity: INTEGRAL is not sen-
sitive enough to detect the 511 keV emissions from extra-
galactic sources. Chandra, however, may still be used to
detect extra-galactic X-ray emission. If our proposal is
correct, X-ray measurements could be directly translated
into measurements of the integrated nV nD distribution.
This could be further checked by comparing the inferred
matter distributions with those measured by weak lens-
ing, rotation curves, and other emissions.
Our dark matter proposal not only explains many as-
trophysical and cosmological puzzles, but makes definite
predictions about the correlations of the dark and vis-
ible matter distributions with the 511 keV, X-ray and
gamma-ray emissions. Such correlations would be very
difficult to account for with other dark matter candi-
dates. Future observations may thus confirm or rule out
this theory. If confirmed, it would provide a key for many
cosmological and astrophysical secrets, and finally unlock
nature of dark matter.
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